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Abstract 
The present study aims to examine the possible acoustical differences between languages 
(English and Mandarin) and ethnicities (Chinese and American). Sixteen Chinese (8 males 
and 8 females) and fourteen American bilingual adults were recruited (8 males and 6 females) 
and instructed to read one Mandarin and one English passage. Fundamental frequency (F0), 
jitter, shimmer, and parameters extracted from long-term average spectral analysis, including 
first spectral peak (FSP), mean spectral energy (MSE), and spectral tilt (ST) were measured 
from the speech samples using Praat. Results indicated acoustical differences between 
English and Mandarin, and between Chinese and American speakers. However, the language 
effect and race effect on voice quality interacted with each other. The findings imply that 
both race/ethnicity and language used by speakers should be considered when comparing to 
the normative data in voice therapy. 
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Voice quality could possibly be affected by the language used and ethnicity or race of 
the speakers. Previous studies reported acoustical differences associated with different 
languages being spoken (Ng, Chen, & Chan, in press; Ng, Hsueh, & Leung, 2010; 
Bruyninckx, Harmegnies, Llisterri, & Poch-Olivé, 1994). Bruyninckx et al. (1994) examined 
the Spanish and Catalan phonetically-balanced text spoken by 24 Catalan-Spanish and 
Spanish-Catalan bilingual speakers and found greater variation between the two languages 
than within the same language. More recent studies investigating the acoustical differences 
between English and Cantonese produced by Cantonese-English bilingual speakers also 
revealed differences in spectral characteristics (Ng, Chen, & Chan, in press) and fundamental 
frequency (F0) (Ng, Hsueh, & Leung, 2010). The presence of language effect on voice 
quality was confirmed. In addition, a number of studies also showed significant differences in 
voice quality between speakers of different races (Andrianopoulos, Darrow, & Chen, 2001; 
Awan & Mueller, 1996; Walton & Orlikoff, 1994; Xue, Hao, & Mayo, 2006; Xue, Neeley, 
Hagstrom, & Hao, 2001). Such differences may be attributed to the possible anatomical 
differences among individuals of different races (Xue, Hao, & Mayo, 2006; Xue et al., 
2001).Yet, apart from anatomical differences, other factors such as sociocultural and 
morphological factors might also affect the use of larynx, thus creating possible vocal 
differences among ethnicities (Xue et al., 2001). 
However, contradictory findings have also been reported regarding the effect of 
language and race/ethnicity on voice quality. For examples, Morris (1997) compared the 
speaking F0 between African Americans and white Americans aged from eight to ten years. 
Language samples of picture description and reading passage showed no significant 
difference in F0 between African Americans and white Americans. Altenberg and Ferrand 
(2006) reported comparable F0 values in connecting speech between English and Cantonese 
produced by English-Cantonese bilingual adult speakers. The true effect of language and race 
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on voice quality is still controversial. Seeing such a research gap, the present study attempted 
to examine the possible effect of language (Mandarin and English) and ethnicity (American 
and Chinese) on voice quality. 
To achieve a better and more refined study design, research methods used in previous 
studies were reviewed and modified. Andrianopoulus et al. (2001) compared vowels 
production by Caucasian, African American, Indian and Chinese speakers. Significantly 
higher F0 was found in Mandarin Chinese speakers than in Caucasian and African American 
speakers of English and Hindi Indian speakers. According to Andrianopoulus et al. (2001), 
the acoustical differences found among speakers of different races might be attributed to 
physiological and linguistic differences. As Mandarin is a tonal language, wider range of F0 
in vowel production is expected. Thus, language and ethnicity effects were examined together 
in this research to solve the above query. Altenberg and Ferrand (2006) argued that study of 
vowel production could not represent typical speech pattern. In fact, studies of voice quality 
by using vowel production and spontaneous production yielded quite different results. Xue 
and Fucci (2000) reported no significant difference on mean F0 between Euro-American and 
African American aged 70 to 80 years in both males and females using vowel production. 
Another study examining voice quality of Euro-American and African American aged 70 to 
80 years using picture description task indicated that elderly African American females had 
significantly lower speaking F0 than Euro-American females (Xue, Neeley, Hagstrom, & 
Hao, 2001). Although similar subjects were recruited, different speech tasks yielded different 
results. Seeing such concern, in order to make language samples representative to typical 
speech pattern and minimize variations due to phonetic structure at the same time, standard 
passage reading was used in this study. 
To further understand the effect of language on voice characteristics, nine 
English-Cantonese female bilinguals were studied in Altenberg and Ferrand’s study (2006). 
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Connected speech samples were acoustically analyzed and they reported no significant 
difference on mean F0 between English and Cantonese. However, the results might not be 
generalizable as only female subjects were examined. A previous study compared F0 
characteristics of Cantonese and English connected speech spoken by 86 Cantonese-English 
bilingual children and found that F0 and F0 range values of Cantonese were lower than 
English (Ng et al., 2010), despite the fact that they were all bilingual speakers. Another 
research about race effect examined spontaneous speech samples produced by white 
American, African American and Hispanic kindergarten-aged children (Awan & Mueller, 
1996). Hispanic children were found to have significantly higher mean F0 than African 
American children. Yet, the recruited subjects in the above studies were only children 
without a mature vocal apparatus. Apparently, the results could not be generalized to the 
entire population. Ng et al. (in press) examined 40 Cantonese-English bilingual speakers (20 
males and 20 females) aged from 19 to 24 years, and they reported that female speakers had 
significantly lower F0 in Cantonese than English. However, only Chinese bilingual speakers 
were recruited. The acoustical differences might be due to discrepant language proficiency as 
their participants predominately spoke Cantonese as their first language. As such, both 
Chinese and American bilingual adult speakers that could provide bi-directional effect of 
language on different races were examined in the present study. In other words, the use of 
Mandarin-English and English-Mandarin bilingual speakers in the present study allowed the 
understanding of how race might affect language, and vice versa. This also helped 
generalization and eliminate the language proficiency effect. 
Acoustic analysis of speech samples has been widely used to objectively reflect vocal 
characteristics. It serves as a non-invasive means to assess voice quality. Among different 
acoustical parameters, speaking fundamental frequency (F0) has been often used to study the 
effect of language and race on vocal characteristics (Altenberg & Ferrand, 2006; Awan & 
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Mueller, 1996; Morris, 1997; Ng et al., in press; Xue & Fucci, 2000; Xue et al., 2001). As a 
direct correlate of voice pitch, F0 objectively measures the rate of vocal fold vibration during 
phonation. According to phonatory physiology, F0 is determined by glottal configuration 
such as the shape, thickness and tension of vocal folds (Titze, 1994). Apart from F0, jitter and 
shimmer are also two acoustical parameters frequently used in voice quality analysis 
(Brockmann, Drinnan, Storck & Carding, 2011; Orlikoff, 1995; Xue & Fucci, 2000). Jitter 
and shimmer are the cycle-to-cycle perturbation of frequency and amplitude respectively. 
They reflect phonatory stability during sound production. However, F0, jitter and shimmer 
values appear to be insufficient in objectively describing voice quality, as voice quality is a 
multi-dimensional attribute. More acoustical parameters are needed in order to faithfully 
depict voice quality. 
At the same time, merely using acoustical parameters of the speech output to describe 
one’s vocal characteristics is risky, as according to the source-filter theory of speech 
production, all speech outputs are being modified by the vocal tract transfer function (Pickett, 
1999). During speech production, the sound source (the phonatory characteristics) is always 
modulated by the filter (vocal tract resonance effect). The effect of vocal tract on glottal 
signal needs to be removed before the true phonatory characteristics of our vocal mechanism 
can be revealed. Acoustically, this can be done by using long-term average spectra (LTAS) of 
speech (Löfqvist & Mandersson, 1987). By examining the speech spectrum over a 
sufficiently long period of time, the effect of supralaryngeal resonance (the filter) on voice 
source can be averaged out. It also highlights more long-term aspects of speech production 
and helps study persistent spectral features. In fact, LTAS analysis has been used in previous 
studies in examining treatment efficiency (Tanner, Roy, Ash, & Buder, 2005), various 
quantitative measures of alaryngeal speech (Ng, Liu, Zhao, & Lam, 2009), and effect of 
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language on voice quality (Ng et al., in press). Therefore, LTAS appears to be an appropriate 
analysis method for the present study. 
In addition to F0 characteristics, LTAS was used to investigate the possible effect of 
language and ethnicity on voice quality in the present study. An array of acoustical 
parameters was extracted from the LTAS and used to describe vocal quality. Comparison 
between speakers of different ethnicities (Chinese and American) allowed us to examine 
possible effect of ethnicity on vocal characteristics. At the same time, the use of bilingual 
speakers (speaking both Mandarin and English) allowed us to eliminate the effect of ethnicity, 
thus the possible effect of language could be studied with the use of same vocal apparatus 
(Ng et al., 2010). 
The present study aimed to examine the possible acoustical differences between 
languages (English and Mandarin) and between ethnicities (Chinese and American) by 
Mandarin-English and English-Mandarin bilingual speakers using LTAS. As the population 
of Mandarin-English and English-Mandarin bilinguals is increasing in the Mainland China, 
North America and other countries, results from the study provides important clinical 
implications as whether language and ethnicity should be taken into consideration when 
making use of normative data in voice intervention. 
Hypothesis 
It was hypothesized that significant differences in acoustical parameters would be 
found between Mandarin and English. A similar study examining Cantonese and English 
produced by Cantonese-English bilingual speakers revealed language effect on voice quality 
(Ng et al., in press). Cantonese and Mandarin are tonal languages while English is not. It was 
expected that a wider range of frequency would be observed in Mandarin which affected the 
acoustical results between Mandarin and English. It was also hypothesized that significant 
difference of acoustical characteristics would be shown between American and Chinese 
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speakers. As interracial anatomical difference present between different races, the anatomical 
difference such as shape, thickness and tension of vocal folds change voice characteristics 
(Colton, Casper, & Leonard, 2006). 
Method 
Participants 
Sixteen native Mandarin speakers who used English as their second language (8 males 
and 8 females) and fourteen American native English speakers who used Mandarin as their 
second language (8 males and 6 females) were recruited. The use of bilingual speakers helped 
eliminate the effect of possible anatomical difference of phonatory systems among 
individuals, thus the effect of language could be examined. Furthermore, both English and 
Mandarin produced by Chinese and American bilingual speakers were collected to facilitate 
the study of effect of race on voice quality. The participants were adult speakers of ages 
ranged from 20 to 34 years (mean = 26.75 years). They were recruited from different 
universities in Mainland China and from the University of Hong Kong. 
The inclusion criteria for participants included the followings: (1) they must be 
Mandarin-English or English-Mandarin bilingual speakers who can use both English and 
Mandarin competently for daily communication; (2) they had no reported history of voice, 
speech and hearing problems; and (3) they had no sign of upper respiratory infections and 
other respiratory problems on the day of testing as vocal health, which would affect the 
morphology of phonatory system, thus alters the voice quality (Colton et al., 2006). 
Instruments and Procedures 
All recordings were made in a sound-treated room. Before the experiment, the 
participants were informed about the aims and procedure of the study and consents were 
obtained. During the experiment, the participants were instructed to read two short passages, 
“Lang Qiao Yi Meng” in Mandarin and the first paragraph of “The Rainbow Passage” in 
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English (Appendix), at a comfortable loudness level. The use of short passages provided 
similar content in speech samples across the subjects and enabled further comparison with 
other data sets. To reduce the order effect, half of the participants were randomly selected to 
read Mandarin passage first, and another half had a reverse order. Before the recording, each 
participant was given a period of practice time to familiarize themselves with the testing 
setting and the speech materials. Their passage reading was recorded with Praat using a high 
quality microphone (SM-010MV, SONCM, Shengmei, China) with microphone-to-mouth 
distance of 10 cm. The recorded speech samples were digitalized at 44.1 kHz sampling rate 
with 16 bits/sample quantization. Data were stored in a computer for later analysis. 
Data analysis 
For both Mandarin and English, average speaking F0, jitter, shimmer and three 
parameters from LTAS spectra: first spectral peak (FSP), mean spectral energy (MSE) and 
spectral tilt (ST) were measured. As LTAS analysis and F0, jitter, and shimmer 
measurements are derived only from voiced portions, all silent and unvoiced segments were 
eliminated before analysis. To carry out the elimination process, the waveform of speech 
samples was first displayed using Praat. Period markers were generated on the waveform. 
The unvoiced segments were indicated by the absence of period markers and were cut away 
from the speech samples. After the editing of speech samples was completed, the mean F0, 
percent jitter (in %) and shimmer (in dB) were calculated. In addition, LTAS analysis was 
carried out using a bandwidth of 10 Hz by Praat. 
Average speaking F0 indicates the rate of vocal folds vibration, which is directly 
correlated with the voice pitch. Jitter and shimmer indicate the phonatory stability during 
speech; the higher value of jitter and shimmer, the greater speech variation in frequency and 
amplitude. FSP measured the frequency value (Hz) associated with the first amplitude peak 
across the whole LTAS spectrum. Some studies (e.g. Goberman & Robb, 1999) stated that 
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FSP represents the average F0 across a phonatory sample, which should be sensitive to vocal 
fold stiffness (Fuller & Horii, 1988). MSE measures the average amplitude (dB) across the 
frequency ranged of 0 - 8,000 Hz and was expressed as a negative value relative to the 
maximum amplitude. The value has been reported to correlate with laryngeal tension with 
which the closer it is to zero, the tenser is the vocal folds and voice (Fuller & Horii, 1988). 
ST is the ratio of energy (sum of amplitude) between 0 and 1,000 Hz, and between 1,000 and 
5,000 Hz. It represents how quickly the amplitude of harmonics decline. That is, high value 
of ST indicated that the lower harmonics dominate the spectrum which the frequency will 
decline rapidly and vice versa (Löfqvist & Mandersson, 1987). Low ST value should indicate 
hyperadductional phonatory state (Mendoza, Valencia, Muñoz, & Trujillo, 1996).  
Statistical Analysis 
To compare the possible significant difference in acoustical parameters between 
languages (Mandarin and English) and races (Chinese and American), repeated measures 
two-way Analyses of Variances (ANOVAs) with two levels of language and two levels of 
race were performed for F0, jitter, shimmer, FSP, MSE and ST. Language effect on different 
races was further investigated by paired-samples t-test if significant language by race 
interaction was shown. Furthermore, independent-samples t-tests were performed to further 
examine whether significant difference between American speakers and Chinese speakers 
was shown in Mandarin and in English. 
Reliability 
It was crucial to ensure the accuracy of speech samples editing in performing LTAS. 
As trimming the unvoiced segments involved human judgment, percentage errors were 
calculated by inter- and intra-rater reliability to determine if the edition of the speech samples 
was reliable and consistent. A total of 20% of the entire speech samples were randomly 
selected and reedited by the same experimenter and the second experimenter who also 
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experienced in acoustical analysis. The intra-judge reliability was calculated by comparing 
the values obtained in the first and the second edition of the primary experimenter. The 
inter-judge reliability was calculated by comparing the values obtained by the primary and 
the secondary experimenter. The intra-judge relative percentage error was 1.72% and the 
inter-judge relative percentage error was 1.63%. It indicated that the results prepared by the 
primary experimenter were reliable and consistent. 
Results 
The mean and standard deviation values of average F0, jitter, shimmer, FSP, MSE 
and ST associated with Mandarin and English produced by all bilingual speakers are shown 
in Table 1. It should be noted that all values are averaged across all speakers, American and 
Chinese, males and females. According to Table 1, Mandarin appeared to be associated with 
a higher average F0 values, as well as higher FSP, than English. Table 2 depicts the average 
and standard deviation values of F0, jitter and shimmer and the LTAS parameters associated 
with American and Chinese speakers. 
Table 1. 
Mean and standard deviation values of F0 (in Hz), jitter (in %), shimmer (in dB), FSP (in Hz), 
MSE (in dB), and ST associated with Mandarin and English produced by all bilingual 
speakers. 
 
  F0 
 (Hz) 
Jitter 
 (%) 
Shimmer 
 (dB) 
FSP 
 (Hz) 
MSE 
 (dB) 
ST 
 
Language 
spoken 
Mandarin 171.31 
(52.63) 
2.20 
(0.59) 
0.85 
(0.14) 
189.33 
(57.70) 
-34.35 
(4.35) 
0.55 
(0.11) 
English 167.85 
(52.17) 
2.18 
(0.59) 
0.87 
(0.11) 
165.67 
(57.11) 
-34.91 
(4.59) 
0.56 
(0.14) 
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Table 2. 
Mean and standard deviation values of F0 (in Hz), jitter (in %), shimmer (in dB), FSP (in Hz), 
MSE (in dB), and ST associated with American and Chinese. 
 
  F0 
 (Hz) 
Jitter 
 (%) 
Shimmer 
 (dB) 
FSP 
 (Hz) 
MSE 
 (dB) 
ST 
 
Race 
American 166.80 
(59.56) 
2.14  
(0.66) 
0.83  
(0.14) 
177.14 
(60.70) 
-33.42 
(3.83) 
0.55 
(0.11) 
Chinese 172.02 
(45.17) 
2.23  
(0.52) 
0.88  
(0.10) 
177.81 
(56.81) 
-35.69 
(4.72) 
0.55 
(0.14) 
 
As significant language by race interaction effect was found for F0, jitter, shimmer 
and MSE, subsequent paired-samples t-tests were administered to further assess the language 
effect on American speakers and Chinese speakers. Mean and standard deviation of different 
acoustical parameters and LTAS measurements are shown in Table 3. According to the Table, 
American speakers showed significant differences in F0 measurements between Mandarin 
and English, whereas comparable results were found for Chinese speakers. Furthermore, 
independent-samples t-tests were performed for F0, jitter, shimmer and MSE and the results 
were depicted in Figures 1, 2, 3, and 4. 
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Table 3. 
Mean and standard deviation values of F0 (in Hz), jitter (in %), shimmer (in dB), and MSE 
(in dB) associated with Mandarin and English produced by American and Chinese speakers. 
 
 American Chinese 
 Mandarin English Mandarin English 
F0 (Hz) 171.14 (60.06) 162.45 (60.99) 171.45 (47.22) 172.56 (44.57) 
Jitter (%) 1.99 (0.54) 2.30 (0.74) 2.39 (0.59) 2.07 (0.40) 
Shimmer (dB) 0.78 (0.14) 0.88 (0.13) 0.91 (0.10) 0.85 (0.09) 
MSE (dB) -33.79 (4.33) -33.04 (3.39) -34.83 (4.45) -36.54 (4.97) 
 
 
Figure 1. 
Average F0 values (in Hz) associated with American and Chinese speakers in Mandarin and 
in English. 
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Average Speaking F0 
Results of 2 (language) × 2 (race) repeated measures two-way ANOVA indicated 
significant language by race interaction effect [F(1,28) = 13.091, p < .01], therefore, further 
statistical analyses were used to examine the language effect on ethnicity. Results revealed 
that F0 associated with Mandarin was significantly higher than with English among 
American speakers [t(13) = 3.667, p < .01], whereas there was no significant difference in F0 
between Mandarin and English produced by Chinese speakers (p > .05). Independent-samples 
t-tests were administered to assess the potential effect of ethnicity/race. Average F0 values 
associated with American and Chinese speakers are shown in Figure 1. Results indicated that 
F0 was not significantly different between American and Chinese speakers in Mandarin and 
in English (p > .05). 
 
 
Figure 2. 
Mean jitter values (in %) associated with American and Chinese speakers in Mandarin and in 
English. 
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Figure 3. 
Mean shimmer values (in dB) associated with American and Chinese speakers in Mandarin 
and in English. 
 
Jitter and shimmer 
For all speakers, jitter and shimmer showed significant language by race interaction in 
two-way ANOVAs [jitter: F(1,28) = 12.548, p < .01, shimmer: F(1,28) = 22.020, p < .001]. 
The subsequent paired-samples t-tests revealed that both jitter and shimmer values associated 
with Mandarin were significantly greater than English among Chinese speakers [jitter: t(15) = 
4.516, p < .001; shimmer: t(15) = 2.420, p < .05]. According to Table 3, American speakers 
had higher shimmer values in English than in Mandarin [t(13) = -4.266, p < .01]. Yet, no 
significant difference in jitter was found between English and Mandarin (p > .05) in 
American speakers. As shown in Figures 2 and 3, no significant difference was found in jitter 
and shimmer values associated with English (p > .05) between American and Chinese 
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speakers. Further analyses indicated that shimmer values associated with Chinese speakers 
were significantly higher than American speakers [t(28) = -2.744, p < .05] in Mandarin. 
First Spectral Peak (FSP) 
No significant language by race interaction (p > .05) and no main effect for 
race/ethnicity (p > .05) were revealed in repeated measures two-way ANOVAs. However, 
results showed significant main effect for language [F(1,28) = 8.271, p < .01]. According to 
Table 1, significantly greater FSP was obtained from Mandarin than from English among all 
speakers. 
 
 
Figure 4. 
Mean MSE values (in dB) associated with American and Chinese speakers in Mandarin and 
in English. 
 
Mean Spectral Energy (MSE) 
The two-way ANOVA showed significant language by race interaction [F(1,28) = 
7.222, p < .05]. The subsequent paired-samples t-tests revealed that MSE measured from 
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Mandarin was closer to zero than MSE measured from English among Chinese speakers [t(15) 
= 3.039, p < .01]. No significant difference was found in MSE between Mandarin and 
English in American participants. Independent-samples t-tests were carried out to further 
examine the race/ethnicity effect in different languages. Significantly greater MSE value (less 
negative) was obtained from American when compared with Chinese speakers in English 
[t(28) = 2.222, p < .05] as shown in Figure 4. Yet, no significant difference in MSE values 
between American and Chinese speakers in Mandarin (p > .05). 
Spectral tilt (ST) 
     Tables 1 and 2 show means and standard deviation values of ST associated with 
different languages and different speakers. The two-way ANOVA revealed no significant 
language by race interaction and no main effect for language and race (p > .05). 
Discussion 
Average Fundamental Frequency (F0) 
Language effect 
In the present study, bilingual speakers were recruited in attempt to control the 
possible racial, anatomical or morphological difference. Both English and Mandarin were 
spoken by the same bilingual speakers using the same phonatory apparatus. It follows that 
any acoustical difference found between them could only be attributed by language difference. 
Language proficiency was also suggested to be one of the factors contributing to the 
acoustical difference between languages as previous studies only recruited Cantonese-English 
bilingual speakers (Ng, Hsueh, & Leung, 2010; Ng, Liu, Zhao, & Lam, in press). The 
participants in the above studies were reported to be more competent in Cantonese. Language 
proficiency effect was controlled in this study as both Mandarin-English (Chinese) and 
English-Mandarin (American) bilingual speakers were examined. Half of them were better 
Mandarin speakers while another half better in English. With this research method, even if 
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the participants were not equally proficient in their English and Mandarin, the language 
proficiency effect could be averaged out. 
Significant language by race interaction reported in the two-way ANOVA suggested 
different language effect in American and Chinese speakers. Table 3 depicts higher F0 
associated with Mandarin than English for American speakers, but not Chinese speakers. This 
indicates that language effect might only be found in a particular race. As F0 reflects the rate 
of vocal fold vibration, it follows that the vocal folds were vibrating in a faster rate when 
speaking in Mandarin than in English for American speakers. This finding agrees with Ng et 
al. (in press) in which different language effect on F0 was found in female and male speakers. 
Although significant difference of F0 between Mandarin and English was only shown in 
American speakers, language effect on voice quality was reconfirmed. 
However, the findings about American English-Mandarin bilingual speakers did not 
look exactly the same as Altenberg and Ferrand (2006) in which no significant difference was 
found between English and Cantonese (another tonal language) in English-Cantonese 
bilingual speakers. The discrepancy could be explained by several factors. First of all, 
Altenberg and Ferrand (2006) made use of connected speech samples, but standard reading 
passages were used in the present study. Different speech tasks might exhibit significant 
different acoustical findings, as suggested by Guimarães and Abberton (2005). According to 
Guimarães and Abberton (2005), reading task yielded higher F0 values than conversational 
speech by female speakers. Secondly, only female subjects and bilingual speakers were 
recruited in Altenberg and Ferrand (2006), whereas both male and female bilingual speakers 
were involved in this study. Thirdly, different languages were used for comparison. 
Altenberg and Ferrand (2006) compared F0 between English and Cantonese, whereas 
Mandarin and English were examined in this study. As both Mandarin and Cantonese are 
tonal languages, similar trends were expected between Cantonese and Mandarin. 
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The present finding of Mandarin with a higher F0 than English is in line with 
Andrianopoulos et al. (2001), which reported higher F0 in vowels produced by Mandarin 
speakers when compared with speakers of Standard American English. Altenberg and 
Ferrand (2006) proposed that the difference might be due to tonality of language. Both 
Mandarin and Cantonese are tonal language but English is not. Different tones were used to 
denote the meaning of words. There are four tones in Mandarin, including high, rising, falling 
rising and falling tones and six lexical tones in Cantonese; high-level, high rising, mid-level, 
low-level, low-falling, and low-rising tones (Zee, 1999). It was found that F0 measured from 
Cantonese was lower than English (Ng et al., in press) while F0 measured from Mandarin 
was higher than English in this study. Although both Mandarin and Cantonese were tonal 
language, they showed different trend in F0 values. It indicated that tonality of language 
alone might not sufficient in explaining the F0 trend of speakers. Additional factors, such as 
race/ethnicity and gender of speakers, and speech materials, may confound the findings in F0 
values. 
Race effect 
Both American and Chinese participants spoke Mandarin and English in the study. 
The language effect was balanced in the two races. Effect of race could be examined alone. 
Results showed that there was no significant difference between American and Chinese 
speakers in Mandarin and in English. The finding contradicted with the results suggested by 
Andrianopoulos et al. (2001), in which Chinese speakers showed higher F0 than Caucasian, 
African-American and Indian in vowel production and the main effect of culture and race on 
voice quality was concluded. Apart from the effect of race, vowel production might be 
affected by the language used by participants. Mandarin is a tonal language that various tones 
are used to denote different meaning of words. Native Mandarin Chinese speakers might 
speak with wider range of F0 in vowel production. The difference found in vowel production 
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from speakers with various races might be attributed to the language effect. Further research 
should explore language effect on voice quality of vowel production to confirm this 
assumption. 
Jitter and shimmer 
Language effect 
Table 3 reveals that Chinese bilingual speakers showed higher jitter and shimmer in 
Mandarin than in English. Reverse finding was found in American speakers. They showed 
significantly higher shimmer value associated with English. Although there is no significant 
difference reported in jitter values in American speakers, higher mean jitter value was also 
observed in English. The participants showed more variation in frequency and amplitude in 
phonation when speaking their better language. The results indicated that language effect 
existed between Mandarin and English in jitter and shimmer value. However, language effect 
varies in speakers with different races or competency of language. 
Race effect 
Figure 3 shows that shimmer values associated with Chinese speakers were 
significantly higher than American speakers in Mandarin production. Although not 
significantly different, jitter values between Chinese and American speakers demonstrated a 
similar trend as shimmer in Mandarin (see Figure 4). That means Chinese speakers showed 
more variation in F0 and amplitude than American speakers, implying a poorer control over 
the phonatory apparatus in Chinese speakers. The findings contradicted with results from Xue 
and Fucci (2000) in which no significant difference was reported between races on shimmer 
values, as participants of different ages were recruited and different speech tasks were used in 
these two studies. 
The race effect on voice steadiness was also reported by Chen (2009). Significant 
difference in vocal tract steadiness was revealed between Chinese and American speakers in 
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speaking English. It was proposed that first language could affect the articulation system of 
later acquired language, thus different articulation systems between Mandarin-accented 
English and American English was one of the possible reasons attributing to different vocal 
tract steadiness. This was supported by Fuchs and Perrier (2005) in which more kinematic 
variations were shown in posterior articulation than anterior articulation. Although the same 
language was used for comparison in the present study, Mandarin produced by Chinese 
speakers and that by American speakers might show different articulation due to English 
accent. Different degrees of variation in F0 and amplitude between Chinese and American 
speakers might be caused by difference in articulation pattern. 
First Spectral Peak (FSP) 
Language effect 
The present findings suggest that Mandarin associated with higher FSP than English. 
According to Fuller and Horii (1988), FSP was reported to be sensitive to vocal fold stiffness. 
It shows that vocal fold stiffness associated with Mandarin was higher than that of English. 
According to the literature, FSP tends to represent the average F0 across a phonation sample. 
The present results agree well with the finding of higher F0 measured from Mandarin than 
English. However, the findings are different from the results reported in previous studies (e.g., 
Ng et al., in press) in which no main effect for language was reported in FSP. As suggested 
by Ng et al. (in press), FSP might be contaminated by energy from resonance in low 
frequency region. As different languages were used for comparison, different results were 
obtained in this study. 
Race effect 
Results of a two-way ANOVA reported no significant difference in FSP between 
American and Chinese speakers, indicating the lack of race effect on vocal fold stiffness, as 
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FSP is largely dependent of vocal folds stiffness. Voice quality difference noted in people of 
different races might be mainly due to the language difference. 
Mean Spectral Energy 
Language effect 
Greater MSE value (less negative) indicated increased laryngeal tension (Fuller & 
Horii, 1988). Chinese bilingual speakers showed higher MSE value in speaking Mandarin 
than in English, implying Chinese bilingual speakers spoke Mandarin with tenser larynx. This 
finding agrees with Ng et al. (in press), in which bilingual speakers showed significantly 
higher MSE in Cantonese than English, and suggested that the finding could be explained by 
the difference in resonance pattern between Cantonese and English. Posterior resonance was 
reported in some Asian language, including Cantonese while English is spoken with anterior 
resonance (Kerr, 2000). With more relaxing vocal folds and possibly pharyngeal muscles, 
more anterior focus of resonance could be produced. It means that tenser vocal folds will be 
observed when speaking Asian languages. This could explain the significantly higher MSE 
values obtained when speaking Mandarin than English by Chinese bilingual speakers when 
there was an accent modification. 
Race effect 
Figure 4 shows significantly larger MSE value (less negative) observed in American 
speakers than Chinese speakers in English. Although no significant difference was shown in 
Mandarin, less negative MSE value associated with American speakers was also noted in 
Figure 4. It indicates that American speakers spoke with tenser vocal folds than Chinese 
speakers. Xue, Hao, and Mayo (2006) examined race effect on voice quality and suggested 
that voice quality difference could be attributed by difference in vocal tract volume between 
Chinese and American speakers. The present study eliminated the effect of vocal tract filter, 
but MSE still showed difference between American and Chinese speakers. Therefore, voice 
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quality difference in different races could be attributed to both vocal tract volume and laryngeal 
tension difference. 
Spectral Tilt (ST) 
Language effect 
The bilingual speakers showed no significant difference between Mandarin and 
English in ST. According to Hillenbrand and Houde (1996), ST could reflect perception of 
breathiness. With lower ST value, breathier voice would be perceived. Mendoza, Valencia, 
Muñoz and Trujillo (1996) also stated that lower ST was associated with greater level of 
aspiration noise. The present results suggest no significant difference in breathiness and 
aspiration noise associated with Mandarin and English. This appears to contradict with Ng et 
al. (in press) in which lower ST value in Cantonese than English was found. As different 
languages (Mandarin and English) were used for comparison in this study, such discrepancy 
in ST values might suggest that the breathiness and aspiration noise level were different from 
one language to another. Language effect on ST might not be generalizable to other 
languages. 
Race effect 
As shown in Table 2, there was no significant difference in ST values between 
American and Chinese bilingual speakers. Low ST value showed higher harmonics 
dominating the spectrum, indicating hyperfunctional voice (Löfqvist & Mandersson, 1987). 
The results revealed that the vocal fold adduction, as well as perception of breathiness and 
level of aspiration sound did not differ between American and Chinese speakers. 
Conclusion 
The present study investigated the language and race effect on voice quality using 
various acoustical parameters. Mandarin was found to have a significantly higher F0 than 
English in American bilingual speakers. With regard to jitter and shimmer values, Chinese 
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and American speakers showed different trends. Chinese speakers exhibited higher jitter and 
shimmer values in Mandarin while American speakers showed higher shimmer values in 
English. It was suggested that language proficiency was a possible factor on jitter and 
shimmer values which higher variation in frequency and amplitude were shown in better 
language. Although no difference in breathiness was found between Mandarin and English, 
FSP and MSE tended to indicate that Mandarin was produced with higher vocal fold stiffness 
and tenser laryngeal muscles. However, tenser laryngeal musculature of Mandarin was only 
observed in Chinese speakers. It was suggested that higher tension in vocal fold muscle was 
related with the posterior resonance associated with Asian languages (Kerr, 2000). Language 
effect was reported in various acoustical parameters. It suggests that the language used by an 
individual could affect one’s voice quality though the same phonatory apparatus was used. 
Different patterns of voice quality were shown in different speakers indicating language 
effect varies in different races. 
When examining the acoustical differences between American speakers and Chinese 
speakers, only shimmer, and MSE were found to be significantly different. Comparable F0, 
jitter, FSP and ST values were noticed, indicating no significant difference in pitch, variation 
of pitch, vocal folds stiffness and breathiness between American and Chinese speakers. 
Shimmer and MSE values revealed that Chinese speakers exhibited greater variation in 
loudness (amplitude) and less tense vocal folds than American speakers. However, the 
significant difference was only observed in certain language. Combined with the results by 
Xue, Hao and Mayo (2006), race effect on voice quality difference was attributed to vocal 
tract volume and laryngeal tension difference. Although language effect was averaged out by 
comparing the same language production, perturbation of amplitude, as well as vocal fold 
tension, was different between two ethnicities. Race effect on voice quality was confirmed 
but its effect interacted with languages. 
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It is important to note that both language and race effect on voice quality have been 
reported. When implying the norm in voice therapy, the race of and language used by the 
speakers should be taken into consideration. Apart from race and language effect, gender and 
use of speech task should be controlled as its influence on voice quality was reported (Ng et 
al., in press; Guimarães & Abberton, 2005). Therefore clinical norms should be developed for 
different languages and races. 
Several limitations of this study should be noted. Firstly, the small sample size which 
could have limited the generalization of the results and reduced the statistical power of 
analysis. Secondly, the race of participants was not well-defined. People in different states in 
the United States or different provinces in China might exhibit various accents. Participants 
in the present study might not be representative of the entire Chinese and American 
populations. Thirdly, convenient sampling was used rather than true random sampling, which 
could have led to selection bias and affect the generalizability of the results. Further 
investigations on race/ethnicity and language effect on voice quality with the larger number 
of bilingual speakers with various well-defined subgroups of race/ethnicity and language 
spoken are needed. 
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Appendix 
Chinese passage 
廊橋遺夢·三 
上大學也没有這個願望。他父親工作很辛苦，對他們母子也很好。但是在活塞厰的工資
餘不下甚麼幹別的，包括養一條狗。他十八歲時父親去世了，當時大蕭條正無情地襲來。
他報名參軍以餬口和養活母親。他在軍隊裡呆了四年，而這四年改變了他的一生。軍隊
裡的想法常令人摸不透。他被分配去當攝影師。 
English passage 
The Rainbow Passage 
When the sunlight strikes raindrops in the air, they act as a prism and form a rainbow. The 
rainbow is a division of white light into many beautiful colors. These take the shape of a long 
round arch, with its path high above, and its two ends apparently beyond the horizon. There is, 
according to legend, a boiling pot of gold at one end. People look, but no one ever finds it. 
When a man looks for something beyond his reach, his friends say he is looking for the pot of 
gold at the end of the rainbow. 
